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Abstract-The study focused on managing electrical energy supplied to consumers from distribution end through initial knowledge on data acquisition and embedded system. It was achieved by controlling the inductive loads at the consumer premise. The study re-shaped the load and energy demand curve by cycling customers' inductive loads which are prone to drawing high currents such as air conditioner and water heaters. Data from power utilities were gathered and analyzed using tools to generate waveform pattern for energy consumption in the context of Engineering Knowledge Management (EKM).
Mathematical models for air conditioners and water heaters were derived in order to remotely control the appliances with the aids of embedded system implemented on the consumer premise.
Index Terms-Distribution; Inductive; Energy; Utilities and Loads.
I. INTRODUCTION
Epileptic power supply system to electrical energy consumer in Nigeria is increasing geometrically at the rate of technological and societal development. The effects of societal and technological growth diversity have great impact on electrical energy supply, due to increase in load demand. Economically, increased load demand could be attributed to power shortage and thus leading to higher equilibrium cost of supply. These factors are responsible for the epileptic power supply shortage in Nigeria. Although, consumers lack knowledge of electric load management and this militate against power supply efficiency by increasing the load demand when it could be managed. To further estimate the efficiency of electrical power stations in Nigeria, it is prerogative to take into cognisance the estimated total generating capacity of the Nigeria electrical energy generating stations, total distributed energy to end user and energy loss on transmission line. The efficiency parameters serve as a guide to effectively manage the energy consumed by inductive loads which is a major factor to accrued energy loss on the distribution end. The ability to efficiently coordinate available electrical energy generated in order to meet standard requirement from the demand side is referred to as Demand Side Management. This method of managing electrical energy supply takes into cognisance the consumers' preference unlike other methods whereby the utility suppliers controls energy supplied without putting into consideration the direct impact or inconveniency their actions or inactions causes to the end users. Demand side management can be referred to as "actions carried out by utility on the consumer premises that help manage the customers' electrical usage to modify energy use patterns including electricity demand timing or amount of demand" [1] . Interruptible direct load control is similar to load shedding except that; it abhors total black-out, unlike load shedding where black-out is paramount.
Also, it is implemented on the customers' premise with respect to customers' interest or preference.
II. ORGANISATIONAL CULTURE AND LOAD DEMAND

A. Operating Principle and Knowledge Creation
Due to the wastage habitual nature of Nigerians, the system was designed such that it intelligently samples the energy consumption wave pattern of different areas on a feeder or consumption rate on different feeders. When it discovers that an area or feeder is moving close to a sharp peak period, it comparatively analyses other areas connected to the feeder or other feeders and intelligently samples out other areas moving close to the valley period. It automatically isolates the inductive loads on the peak areas and compensates the valley areas. Considering two districts (Ewa and Igarra) supplied by two feeders in Ondo State. Graphical representation of energy supplied to the two districts can be represented as shown in Fig. 1 . It would be noted that total blackout was experienced on the Ewan feeder (16:00-22:00), while a sharp peak period A Knowledge-Based Demand Side Management:
Interruptible Direct Load Approach Waliu Olalekan Apena was shortly experienced before the collapse of the feeder into another blackout. This anomaly behaviour would be corrected by the compensation rendered through clipping of the sharp peak and valley periods respectively. Immediately, the device senses a rise in energy demand on Igarra feeder and the concurrent decline in energy demand on Ewan feeder, it will isolate the controllable loads on the areas covered by the Igarra feeder while reshaping the expected sharp peak period to compensate for the sharp decline experienced on the Ewan feeder.
III. POWER SYSTEM KNOWLEDGE MANAGEMENT STRATEGY
A. Load Waveform Analysis
Considering the two feeders within the Benin metropolis, energy distributed to individual feeder was studied and analysed concurrently to predict the efficiency of the interruptible direct load approach. In Fig. 1(a) , it was observed that the Igarra feeder experienced a sharp peak period of 0.38MW power demand between 06:00-07:30 (GMT+1) which resulted in a temporary shutdown of the feeder and was effected in a load shed that resulted in blackout between 07:30 -11:00 (GMT+1) of some areas within the same feeder due to under-supplied energy. The sharp optimal demand of electrical energy with respect to time is referred to as the peak period while the sharp decline in energy supply to consumers with respect to time is referred to as valley period. Coincidentally, Ewan feeder experienced its own valley period between 00:60 -07:30 (GMT+1) and its peak period between 07:30 -11:00 (GMT+1) respectively.
B. Mathematical Model
To derive a model that adequately controls the functionality of the air conditioner, there is a need to put into consideration the need to determine heat energy radiated in its environment. In the course of the research work, it was assumed that the room temperature was constant regardless of the varying atmospheric condition. Practically, total heat energy radiated (kJ) in a room is equal to electrical energy (kW) drawn by the air conditioner [2] . Four operational stages are involved in the air conditioner system namely evaporation, compression, condensation and expansion. The scope of the research work is limited to the stage that has high impact on the energy consumed which is limited to the compression stage. The fans in the air conditioner consumes approximately 20% of total power rating while the compressor consumes about 80% of the total power rating under normal operating conditions as illustrated in Fig. 2 [3] . 
1) Compressor and Capillary Tube Model
The capillary tube was analysed into a group of eight dimensionless pi terms. The shape of the capillary tube was considered to be a factor for the reduction in mass flow rate of about 5% compared to a straight tube as in (1) [5] .
̇= 0.95 8 (1)
Using the compressor manufacturer's data, (2) can be derived as [6] ; 
Work done by compressor can be determined using (4) [7] .
=̇ (4)
Where ηm = mechanical efficiency, ηf=Electric motor efficiency (0.85)
2) Model Electric Water Heater Model
There are several approaches to modelling the water heater in order to determine its level of energy consumption through [8] as follows:
(i) World Agricultural Trade Simulation System (WATSIM) computer simulation model (ii) TANK computer simulation model (iii) Water Heater Analysis Model (WHAM) WATSIM and TANK computer simulations are proprietary models designed for specified organisations in the United States of America [9] . The WHAM was preferred because of its simplicity in giving detailed characteristics and various operating conditions of the water heater. The basic parameters for this analysis includes; daily draw volume, thermostatic set point temperature, inlet water temperature and ambient air temperature [9] .
Where, Qin = total water heater energy consumption (kWh/ o C), Qout = heat content of water being drawn from water heater (kWh/ o C), Ttank = thermostatic temperature, RE = Recovery Efficiency, UA = standby heat loss coefficient (kWh/ o C), Tin = inlet water temperature ( o C), Pon = heater rated power (kWhr/day), Tamb = ambient temperature of the water heater surrounding ( o C). Thus, the value of heat content from the output of the water heater can further be calculated using;
Where V = volume of output water, ρ = density of water, Cp = specific heat of water.
IV. KNOWLEDGE MANAGEMENT TECHNOLOGY
Embedded system technology was introduced as a control medium on the inductive loads and also a micro-controller was incorporated into monitoring and controlling unit of the utility supplier. The microcontroller was programmed with Personal Computer Simulation Program with Integrated Circuit Emphasis (PSPICE). Communication between the embedded systems was carried out through radio transmission.
A. Factors Influencing Rate of Energy Consumption
As much as we emphasize the need to effectively manage the "under-supply" energy, we cannot overlook some of the factors that militates against the optimal functionality of the domestic electrical appliance as they contribute more to the modelling parameters of the air conditioner system and electric water heater under study.
Energy Factor -it is the total energy consumed by any electrical appliance in active, cycling and standby modes. The energy factor of the water heater can be determined by;
(i) The ability of the heating element to effectively transfer all the heat energy generated to the water. (ii) Heat loss due to unused heated water. Energy consumed during the active and standby modes; (iii) The overall heat transfer coefficient or µ-value refers to how well heat is conducted over a series of mediums. Its units are the W/m 2 ℃ in Btu or hr-ft 2 ℉.
V. CONCLUSION
Power utility companies are expected to adopt the load model initiated in this research work while managing demand load in order to effectively balance power supply so as to help to smooth power use distribution over time. This strategy has been proposed to balance the power use over time while technically adjusting the cost of energy so that both the utility company and the end user may benefit. This approach enables the customer to negotiate optimally with the utility companies until both ends reach a consensus where all the customers feel they have made the best out of the negotiation. Interruptible appliances such as air conditioner or water heater can be paused and reactivated. The mode of usage or functionality of electrical appliances determines whether it could be categorised as interruptible or non-interruptible. Electrical appliances such as washing machine and dish washers may not be specifically scheduled to be interruptible because their applications may not be intermittently controlled by the interruptible load control device. The electrical energy instability experienced in Nigeria is not far-fetched from poor management. Direct load control approach has been proved to be a reliable method of managing insufficient energy supply. Considering the advantages of the technology improvised into the power system, its adaptability can be optimized.
